Dissociation between the attentional functions mediated via basal forebrain cholinergic and GABAergic neurons.
The role of basal forebrain corticopetal cholinergic projections in attentional functions has been extensively investigated. For example, 192 IgG-saporin-induced loss of cortical cholinergic inputs was repeatedly demonstrated to result in a selective impairment in the ability of rats to detect signals in a task designed to assess sustained attention performance. The loss of cortical cholinergic inputs correlated highly with the decrease in the hit rate. Little is known about the functions of basal forebrain non-cholinergic neurons, particularly corticopetal GABAergic neurons, largely because of the absence of specific research tools to manipulate selectively this projection. As basal forebrain lesions produced with ibotenic acid were previously observed to potently destroy non-cholinergic, particularly GABAergic neurons while producing only moderate decreases in the density of cortical cholinergic inputs, the present experiment examined the effects of such lesions on sustained attention performance and then compared these effects with the immunohistochemical and attentional consequences of selective cholinotoxic lesions produced by intra-basal forebrain infusions of 192 IgG-saporin. In contrast to the selective decrease in hits previously observed in 192 IgG-saporin-lesioned animals, the attentional performance of ibotenic acid-lesioned animals was characterized by a selective increase in the relative number of false alarms, that is 'claims' for signals in non-signal trials. Analyses of the response latencies suggested that this effect of ibotenic acid was due to impairments in the animals' ability to switch from the processing of the response rules for signal trials to those for non-signal trials. As expected, 192 IgG-saporin did not affect the number of basal forebrain parvalbumin-positive neurons, that are presumably GABAergic, but decreased cortical acetylcholinesterase-positive fiber density by over 80%. Conversely, in ibotenic acid-lesioned animals, basal forebrain parvalbumin-positive cells were decreased by 60% but cortical acetylcholinesterase-positive fiber density was only moderately reduced (less than 25%). These data form the basis for the development of the hypothesis that basal forebrain GABAergic neurons mediate executive aspects of attentional task performance. Such a function may be mediated in parallel via basal forebrain GABAergic projections to the cortex and the subthalamic nucleus.